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ON-CHIP REDUNDANCY HIGH-RELIABLE 
SYSTEM AND METHOD OF CONTROLLING 

THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor redun 

dancy system having high reliability and, more particularly, 
to an on-chip redundancy high-reliable system using function 
blocks such as microprocessors or hard logic circuits pro 
vided redundantly in semiconductor chips. 

2. Description of the Related Art 
In the technical ?elds requiring systems such as aerospace 

systems, railroad systems, and vehicles of high safety, con 
ventionally, higher reliability of a system is Widely achieved 
by redundantly disposing a spare system as a backup. In 
particular, the integration degree of a semiconductor in a 
semiconductor integrated circuit is increasing in recent years. 
A function block circuit of a system level can be mounted on 
a semiconductor chip by a system on-chip method. For 
example, as disclosed in Japanese Unexamined Patent Appli 
cation Publication No. H06-161798, a system redundantly 
provided With a plurality of function blocks can be realiZed in 
a single semiconductor chip. A method of constructing a 
redundant system in a semiconductor chip is an extremely 
excellent technique realiZing reduction in siZe and Weight of 
a built-in system, shortening signal delay time in a high 
performance system, and improvement in performance. 

In the conventional techniques, a physical damage such as 
breaking or crack occurs in a semiconductor chip by a heat 
cycle applied to the semiconductor chip under severe heat 
environment of, for example, —40 degrees Celsius to 150 
degrees. It is therefore indispensable to consider a counter 
measure for a failure exerting in?uence on an entire semicon 
ductor chip. In a conventional method of assuring a normal 
state by comparing outputs of systems redundantly provided, 
since a comparator measure for detecting a failure is mounted 
in the semiconductor chip in Which the redundant systems are 
also provided, the operation in the case Where the in?uence of 
a failure is exerted on the comparator measure cannot be 
assured. In the case Where a processor module and a com 
parator are formed in different chips like in the patent publi 
cation, the conventional technique cannot achieve high-speed 
process Which is presently being demanded. 
An object of the present invention is to improve reliability 

of an on-chip redundancy system mounted on a semiconduc 
tor chip by preventing in?uence of a failure from being 
exerted on an entire semiconductor chip. 

SUMMARY OF THE INVENTION 

To achieve the object, according to the present invention, a 
comparator measure for comparing outputs of an on-chip 
redundancy system is mounted on another semiconductor 
chip different from the on-chip redundancy system. In this 
case, existing peripheral circuits indispensable to the redun 
dancy system and the comparator measure are mounted on the 
same chip. The existing peripheral circuits are a poWer source 
circuit, a driver circuit for driving various output circuits, and 
the like. Many of the peripheral circuits are originally pro 
vided on another chip for the system. Without increasing the 
number of neW chips, the in?uence of a failure to the com 
parator measure is prevented. 

In the case Where a failure is detected by the comparator 
measure, poWer supply to the redundancy system is stopped, 
or a reset signal or an NMI (non-maskable interrupt) signal is 
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2 
transmitted to the redundancy system, thereby stopping the 
operation of the redundancy system and assuring safety. 

According to the present invention, by constructing the 
redundancy system and the comparator measure on different 
chips, the in?uence of a failure exerted on the entire semicon 
ductor chip is prevented, and reliability of the on-chip redun 
dancy system can be increased. By mounting a comparator 
measure in a second semiconductor chip having existing 
peripheral circuits in the system, Without increasing the num 
ber of chips, the reliability of the on-chip redundancy system 
can be increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing a ?rst embodiment of 
the present invention. 

FIG. 2 is a block diagram shoWing a second embodiment in 
Which a comparator measure and a poWer source circuit are 
mounted on the same semiconductor chip. 

FIG. 3 is a block diagram shoWing a third embodiment in 
Which a comparator measure and a driver circuit are mounted 
on the same semiconductor chip. 

FIG. 4 is a block diagram shoWing a fourth embodiment of 
driving a charge pump by an output of the comparator mea 
sure. 

FIG. 5 is a block diagram shoWing a ?fth embodiment in 
Which the comparator measure and a poWer semiconductor 
are mounted on the same chip. 

FIG. 6 is a block diagram shoWing a ?rst pattern of the 
comparator measure. 

FIG. 7 is a block diagram shoWing a second pattern of the 
comparator measure. 

FIG. 8 is a block diagram shoWing a third pattern of the 
comparator measure. 

FIG. 9 is a block diagram shoWing a fourth pattern of the 
comparator measure. 

FIG. 10 is a block diagram shoWing a sixth embodiment 
related to application of a comparison result to a system 
output. 

FIG. 11 is a block diagram shoWing a seventh embodiment 
related to application of a comparison result to a system 
output. 

FIG. 12 is a block diagram shoWing an eighth embodiment 
related to application of a comparison result to a system 
output. 

FIG. 13 is a block diagram shoWing a ninth embodiment 
related to application of a comparison result to a system 
output. 

FIG. 14 is a block diagram shoWing a tenth embodiment in 
Which bare chips are mounted on a Wiring substrate. 

FIG. 15 is a block diagram shoWing an eleventh embodi 
ment of the invention in Which a comparator measure is 
provided for a semiconductor chip having a redundancy sys 
tem. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

Embodiments of the present invention Will be described 
beloW With reference to the draWings. The present invention, 
hoWever, is not limited to the embodiments. 

First Embodiment 

Embodiments of the present invention Will be described 
beloW With reference to the draWings. FIG. 1 is a block 
diagram shoWing a ?rst embodiment of the present invention. 
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Microprocessors 20-1 and 20-2 redundantly provided as 
function blocks are mounted in a ?rst semiconductor chip 2. 
A comparator measure 10 for comparing outputs 21-1 and 
21-2 of the microprocessors 20-1 and 20-2 is mounted in a 
second semiconductor chip 1 different from the semiconduc 
tor chip 2. As functional blocks, in place of the microproces 
sors in FIG. 1, hard logic circuits such as an FFT (Fast Fourier 
Transform) circuit and a digital ?lter can be also mounted. 

Second Embodiment 

FIG. 2 shoWs a second embodiment in Which the compara 
tor measure 10 is mounted in a poWer source circuit semicon 
ductor chip 3 having a poWer source circuit 30 and a Watch 
dog timer 31 (WDT) provided as output control means. The 
Watch dog timer 31 has output control means. In the case 
Where a survival noti?cation does not arrive from at least one 
of the microprocessors 20-1 and 20-2 for predetermined time 
or longer, the Watch dog timer 31 regards it as a failure in the 
microprocessor 20-1 or 20-2 and outputs a reset signal 32 to 
stop the operation of the microprocessors 20-1 and 20-2. 
Alternatively, the Watch dog timer 31 outputs an NMI (N on 
Maskable Interrupt) signal 33 to start a failure handling rou 
tine, makes the microprocessor recover from a recoverable 
point, and maintains the system and an obj ect to be controlled 
in a safe state. 

In the embodiment, the comparator measure 10 also has the 
function of output control means. The comparator measure 1 0 
compares outputs 21-1 and 21-2 of the microprocessors 20-1 
and 20-2 and, in the case Where a comparison result 19 indi 
cates a failure, similarly outputs the reset signal 32 or the NMI 
(Non-Maskable Interrupt) signal 33 to stop the operation of 
the microprocessors 20-1 and 20-2, or makes the micropro 
cessors recover, and maintains the system and an object to be 
controlled in a safe state. 

Third Embodiment 

FIG. 3 shoWs a third embodiment in Which the comparator 
measure 10 is mounted on a driver circuit semiconductor chip 
4 having a pre-driver 41 as a driver circuit. The comparator 
measure 10 compares the outputs 21-1 and 21-2 of the micro 
processors 20-1 and 20-2. In the case Where the comparison 
result 19 indicates a failure, the comparator measure 10 stops 
the operation of the pre-driver 41 and maintains the system 
and an object to be controlled in a safe state. Reference 
numeral 49 denotes an output of the pre-driver 41, and refer 
ence numeral 5 indicates an inverter as an object to be con 
trolled. 

Fourth Embodiment 

FIG. 4 shoWs a fourth embodiment in Which the driver 
circuit semiconductor chip 4 on Which the comparator mea 
sure 10 is mounted further includes a charge pump 42 as a 
booster circuit. The comparator measure 10 compares the 
outputs 21-1 and 21-2 of the microprocessors 20-1 and 20-2. 
In the case Where the comparison result 19 indicates a failure, 
the comparator measure 10 stops the operation of the charge 
pump 42 to thereby stop the operation of the pre-driver 41, 
and maintains the system and an object to be controlled in a 
safe state. 
As shoWn in FIG. 4, an alternating signal is used as the 

comparison result 19 from the comparator measure 10. By 
driving the charge pump 42 by the alternating signal, even in 
the case Where an output ?x failure (a failure in Which output 
is ?xed to L or H) of the comparison result 19 occurs, the 
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4 
operation of the charge pump 42 can be securely stopped and 
the operation of the driver IC 4 can be stopped. 
By making the outputs 21-1 and 21-2 of the microproces 

sors 20-1 and 20-2 match and mismatch every predetermined 
cycles, the comparison result 19 from the comparator mea 
sure 10 repeats the values of H and L every predetermined 
cycles Which become alternating signals. In this case, When 
the outputs 21-1 and 21-2 of the microprocessors 20-1 and 
20-2 match, the comparison result 19 from the comparator 
measure 10 is set as an H output. When the outputs 21-1 and 
21-2 do not match, the comparison result 19 is set as an L 
output. 
The charge pump 42 converts direct current to alternate 

current by sWitching operation, recti?es the alternate current, 
and performs operation of converting the current to direct 
current having a higher voltage. In the embodiment, the 
sWitching operation is performed on the basis of the compari 
son result 19. Consequently, in the case Where an output ?x 
failure of the comparison result 19 from the comparator mea 
sure 10 occurs, the comparison result 19 is ?xed to H or L, and 
the operation of the charge pump 42 stops. As a result, supply 
of the high-voltage poWer supply poWer is stopped to securely 
stop the operation of the pre-driver 41. The system and an 
object to be controlled can be maintained in a safe state. 

Fifth Embodiment 

FIG. 5 shoWs a ?fth embodiment in Which the comparator 
measure 10 is provided for a poWer semiconductor element 
semiconductor chip 6 including a poWer semiconductor ele 
ment 61 for driving a load and an actuator. In this case as Well, 
the comparator measure 10 functions as output control 
means, compares the outputs 21-1 and 21-2 of the micropro 
cessor 20-1 and 20-2, in the case Where the comparison result 
19 indicates a failure, stops operation of the poWer semicon 
ductor element 61, and maintains the system and an object to 
be controlled in a safe state. 

Further, the poWer semiconductor element 61 can prevent 
itself from being destroyed by erroneous operation of the 
microprocessors 20-1 and 20-2. The actuator driven by the 
poWer semiconductor element 61 may be a motor 8, a sole 
noid, a main poWer relay for supply poWer to an output stage, 
or an output relay for intermittently supplying drive current 
from the output circuit to the actuator (or a phase current relay 
in motor control). 

FIGS. 6 to 9 shoW, as modi?cations, various patterns of the 
comparator measure 10. FIG. 6 shoWs, as a modi?cation, a 
?rst pattern of the comparator measure for comparing the 
outputs 21-1 and 21-2 of the microprocessors 20-1 and 20-2 
by a comparator 11. The modi?cation is preferable for the 
reason that the same process is executed in the microproces 
sors 20-1 and 20-2 and results of the process are compared 
With each other, thereby assuring a normal state. The com 
parator 11 is, desirably, a self-checking-type comparator 
capable of detecting a failure of the comparator itself. 

FIG. 7 shoWs a second pattern of computing the outputs 
21-1 and 21-2 of the microprocessors 20-1 and 20-2 by a 
computing unit 12 and comparing the result of the computa 
tion With a constant 13 by the comparator 11. The computing 
unit 12 may computes four arithmetic operations of addition, 
subtraction, multiplication, and division, exclusive OR, or the 
like. The modi?cation is suitable for the reason that the micro 
processors 20-1 and 20-2 give each other questions for 
obtaining a variable Which becomes a constant When a pre 
determined operation is performed on a given value. When 
the result is correct, the normal state is assured. 
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FIG. 8 shows a third pattern of computing one of the 
outputs 21-1 and 21-2 of the microprocessors 20-1 and 20-2 
With the constant 13 by the computing unit 12, and comparing 
the result of computation With the other one of the outputs 
21-1 and 21-2 by the comparator 11. The modi?cation is 
suitable for the reason that the microprocessors 20-1 and 20-2 
give each other questions for obtaining a variable Which 
becomes a given value When a predetermined operation is 
performed on a constant, and assure a normal state When 
the-result is correct. 

FIG. 9 shoWs a fourth pattern of executing computation of 
the outputs 21-1 and 21-2 of the microprocessors 20-1 and 
20-2 With constants 13 and 13' by computing units 12 and 12', 
and comparing the results by the comparator 11. The modi 
?cation is suitable for the reason that the microprocessors 
20-1 and 20-2 give each other questions for obtaining a vari 
able Which becomes a value derived by performing a prede 
termined operation on a given value and a constant and a 
predetermined computation, and assure a normal state When 
the result is correct. The modi?cation is also effective to the 
case of performing a peculiar operation to identify each of 
outputs of the microprocessors 20-1 and 20-2 or performing 
an operation With a peculiar signature. 

Sixth Embodiment 

FIG. 10 shoWs a sixth embodiment related to application of 
the comparison result 19 of the comparator measure 10 
obtained by comparing the outputs 21-1 and 21-2 of the 
microprocessors 20-1 and 20-2, to the control on the micro 
processors. An output 22 from any of the microprocessors 
20-1 and 20-2 included in the semiconductor chip 2 passes 
through a sWitch 23 as interrupting means Which is controlled 
on the basis of the comparison result 19, and becomes an 
output 24. When the comparison result 19 indicates a normal 
state, the sWitch 23 is closed, and the output 22 becomes the 
output 24. When the comparison result 19 indicates a failure 
state, the sWitch 23 is opened, and the output 24 stops. In the 
embodiment, When a failure occurs in the microprocessors 
20-1 and 20-2, the output 24 is stopped, and the system and an 
object to be controlled can be maintained in a safe state. 

Seventh Embodiment 

FIG. 11 shoWs a seventh embodiment of controlling a 
motor 600 by an inverter 55. In the seventh embodiment, a 
logic gate 25 is controlled by the comparison result 19 of the 
comparator measure 10 to intermittently supply a drive signal 
to the inverter 55 as an actuator. On the basis of the compari 
son result 19, the poWer is intermittently supplied to the 
inverter 55 by a relay 50, or drive current is intermittently 
supplied from the inverter 55 to the motor 600 by a relay 60. 
In the seventh embodiment, in the case Where a failure occurs 
in the microprocessors 204 and 20-2, the motor 600 is stopped 
by some safety mechanisms, and the system and an object to 
be controlled can be maintained in a safe state more reliably. 

Eighth Embodiment 

FIG. 12 shoWs an eighth embodiment of a redundant circuit 
having a double-chip con?guration. An output 22 from any of 
the microprocessors 20-1 and 20-2 included in the semicon 
ductor chip 2 and an output 22' of microprocessors 20-1' and 
20-2' included in another semiconductor chip 2' are sWitched 
by a sWitch 26 as selecting means Which is controlled on the 
basis of the comparison result 19 of the comparator measure 
10, and the selected output is set as the output 24. 
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6 
In the eighth embodiment, in the case Where a failure 

occurs in the microprocessors 20-1 and 20-2, the operation of 
the system and an object to be controlled can be maintained 
using the output 22' of the microprocessors 20-1' and 20-2'. 

Ninth Embodiment 

As shoWn in a ninth embodiment of FIG. 13, the sWitch 26 
can be controlled by using not only the comparison result 19 
but also a comparison result 19' obtained by comparing out 
puts 21-1' and 21-2' ofthe microprocessors 20-1' and 20-2' by 
a comparator measure 10'. 

Tenth Embodiment 

FIG. 14 shoWs a tenth embodiment of mounting, as bare 
chips, a semiconductor chip 1 including a comparator mea 
sure and a semiconductor chip 2 including a redundant micro 
processor on a Wiring substrate 8. In the tenth embodiment, 
both prevention of spread of a failure betWeen the semicon 
ductor chip 1 and the semiconductor chip 2 including the 
redundant microprocessor, and reduction in siZe and Weight 
can be realiZed. Since the semiconductor chips 1 and 2 are 
bare chips, they are protected by interrupting air by not 
shoWn hermetic sealing, transfer mold, gel ?lling, or the like 
so that they do not come into contact With air and are not 
oxidiZed or do not absorb moisture, and their characteristics 
do not deteriorate. 

Eleventh Embodiment 

FIG. 15 shoWs an eleventh embodiment of providing the 
comparator measure 10 in the semiconductor chip 1 and 
further providing a second comparator 70 for the semicon 
ductor chip 2. In the embodiment, as a local failure in the chip, 
detection of a failure folloWing high-speed operation of the 
microprocessor can be realiZed by the second comparator 
measure 70. Further, a unique effect of the present invention 
that the in?uence spreading to the Whole can be prevented by 
the comparator measure 10 provided for the semiconductor 
chip 1 is obtained. 
The folloWing describes the other embodiments available 

to the invention. 
(Supplementary Note 1) 
A method of controlling an on-chip redundancy highly 

reliable system comprising: 
at least tWo function blocks having the same function and 

redundantly provided in a ?rst semiconductor chip; 
a comparator measure for comparing outputs of the func 

tion blocks in a second semiconductor chip; 
at least tWo function blocks having the same function as 

that of the function blocks of the ?rst semiconductor chip and 
redundantly provided in a third semiconductor chip; 

a comparator measure for comparing outputs of the func 
tion blocks in the third semiconductor chip and provided in a 
fourth semiconductor chip; and 

selecting means for selecting, as an output of the system, 
either a ?rst output from the function blocks in the ?rst semi 
conductor chip or a second output from the function blocks in 
the third semiconductor chip, 

Wherein either an output of the ?rst semiconductor chip or 
an output of the third semiconductor chip Which matches an 
output of the function blocks is selected by the selecting 
means and is output. 
(Supplementary Note 2) 
The on-chip redundancy highly-reliable system according 

to any of claims 1 to 5, Wherein the ?rst and second semicon 
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ductor chips are mounted on a Wiring substrate, and the ?rst 
and second chips and the Wiring substrate are sealed in a 
package. 
(Supplementary Note 3) 
The on-chip redundancy highly-reliable system according 

to any of claims 1 to 5, further comprising a second compara 
tor measure for comparing outputs of the plurality of function 
blocks and provided in the ?rst semiconductor chip. 

What is claimed is: 
1. An on-chip redundancy highly-reliable system compris 

ing: 
a ?rst semiconductor chip; 
a second semiconductor chip; 
at least ?rst and second functionblocks, both of Which have 

the same function and are provided redundantly in said 
?rst semiconductor chip; 

a ?rst comparator measure, Which is con?gured to detect 
errors in signals present at outputs of said ?rst and sec 
ond function blocks by comparing said outputs of said 
function blocks, and is provided in said second semicon 
ductor chip; and 

a second comparator measure, Which is con?gured to 
detect errors in signals present at outputs of said ?rst and 
second function blocks by comparing outputs of said 
function blocks and is provided in said ?rst semiconduc 
tor chip. 

2. The on-chip redundancy highly-reliable system accord 
ing to claim 1, Wherein the function blocks are microproces 
sors. 

3. The on-chip redundancy highly-reliable system accord 
ing to claim 1, Wherein the second semiconductor chip com 
prises at least one peripheral circuit that forms a part of the 
system. 

4. The on-chip redundancy highly-reliable system accord 
ing to claim 1, Wherein the function blocks are hard logic 
circuits. 

5. The on-chip redundancy highly-reliable system accord 
ing to claim 4, Wherein the second semiconductor chip com 
prises at least one peripheral circuit that forms a part of the 
system. 

6. The on-chip redundancy highly-reliable system accord 
ing to claim 2, Wherein the second semiconductor chip 
includes a poWer source circuit for supplying poWer from a 
battery to the microprocessors. 

7. The on-chip redundancy highly-reliable system accord 
ing to claim 2, Wherein the second semiconductor chip 
includes an output control that outputs a reset signal or a 
non-maskable interrupt signal to the microprocessors. 

8. The on-chip redundancy highly-reliable system accord 
ing to claim 7, Wherein: 

at least one of said ?rst and second comparator measure 
includes an output control circuit; and 

When outputs of the microprocessors do not match, said at 
least one of said ?rst and second comparator measures 
outputs a reset signal or a non-maskable interrupt signal 
to the microprocessors. 

9. The on-chip redundancy highly-reliable system accord 
ing to claim 7, Wherein: 

the second semiconductor chip includes a Watch dog timer 
unit as an output control circuit; and 

in the case Where signals do not arrive from the micropro 
cessors in speci?ed cycles, the Watch dog timer unit 
outputs a reset signal or a non-maskable interrupt signal 
to the microprocessors. 

10. The on-chip redundancy highly-reliable system 
according to claim 2, Wherein the second semiconductor chip 

8 
includes a driver circuit for driving a poWer semiconductor 
element based on output signals of the microprocessors. 

11. The on-chip redundancy highly-reliable system 
according to claim 10, Wherein the comparator measures are 

5 con?gured to stop operation of the driver circuit Whenever 
outputs of the function blocks do not match. 

12. The on-chip redundancy highly-reliable system 
according to claim 11, further comprising a booster circuit for 
supplying a voltage higher than a poWer source voltage 
applied to the driver circuit to the driver circuit; Wherein, at 
least one comparator measure of said system is con?gured to 
stop operation of the booster circuit When outputs of the 
function blocks do not match. 

13. The on-chip redundancy highly-reliable system 
according to claim 12, Wherein an output of at least one of said 
?rst and second comparator measures is formed as an alter 
nating signal. 

14. The on-chip redundancy highly-reliable system 
according to claim 2 , Wherein the second semiconductor chip 
is provided With a poWer semiconductor element for driving 
an actuator based on a signal from the microprocessors. 

15. The on-chip redundancy highly-reliable system 
according to claim 14, Wherein at least one of said comparator 
measures is con?gured to stop operation of the poWer semi 
conductor element When outputs of the function blocks do not 
match. 

16. The on-chip redundancy highly-reliable system 
according to claim 2, further comprising interrupting means 
for interrupting an output signal from the microprocessors, 
Wherein at least one comparator measure of said system is 
con?gured to stop outputs from the microprocessors by the 
interrupting means When outputs of the microprocessors do 
not match. 

17. The on-chip redundancy highly-reliable system 
according to claim 1, further comprising interrupting means 
for interrupting an output from the function blocks; Wherein 
at least one comparator measure of said system is con?gured 

40 to interrupt outputs from an output circuit to an actuator When 
outputs of the function blocks do not match. 

18. The on-chip redundancy highly-reliable system 
according to claim 1, further comprising interrupting means 
for interrupting poWer supply to an output circuit; Wherein at 
least one comparator measure of said system is con?gured to 
stop poWer supply to an output circuit When outputs of the 
function blocks do not match. 

19. The on-chip redundancy highly-reliable system 
according to claim 1, further comprising 

third and fourth function blocks, both of Which have the 
same function as the ?rst and second function blocks, 
and Which are redundantly provided in a third semicon 
ductor chip; and 

selecting means for selecting an output of the third semi 
conductor chip as an output of the system When outputs 
of the function blocks in the ?rst semiconductor chip do 
not match. 

20. The on-chip redundancy highly-reliable system 
60 according to claim 1, further comprising: 

at least third and fourth function blocks, both of Which have 
the same function as the ?rst and second functionblocks, 
and Which are redundantly provided in a third semicon 
ductor chip; 

a comparator measure provided in a fourth semiconductor 
chip, for comparing outputs of the third and fourth func 
tion blocks; and 
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selecting means for selecting, as an output of the system, said ?rst and second function blocks, by comparing said 
either a ?rst output from the ?rst and second function outputs of said function blocks; 
blocks Or a Second output frOm the third and fourth Wherein said ?rst comparator circuit is formed in said ?rst 
function blOCkS- semiconductor chip, and said second comparator circuit 

21~ All 9199301119 System COmPri5ing3 5 is formed in said second semiconductor chip. 
a ?rst sémlconductor ChlP havlng at 199st ?rst and Second 22. The electronic system according to claim 21, Wherein 

functlon blocks fonned therem’ Sald ?rst and Second said second semiconductor chip has formed therein at least 
functlon blocks bemg Con?gured to Perform the Same one peripheral circuit for operating the ?rst and second func 
funct1on, redundantly; non blocks_ 

a second semiconductor chip; 10 
?rst and second comparator circuits, each of Which is con 

?gured to detect errors in signals present at outputs of * * * * * 


